Boerschl first called attention to the possibility of producing images of the atoms in crystals by using the diffraction from a grating corresponding to the reciprocal lattice. Shortly thereafter, Bragg2 made a photograph by this method of the atoms in the crystal structure of the mineral diopside. Unfortunately, Bragg's "x-ray microscope" could only be applied to photographing that very limited class of crystal structures all of whose diffraction spectra had the same phase.
Boerschl first called attention to the possibility of producing images of the atoms in crystals by using the diffraction from a grating corresponding to the reciprocal lattice. Shortly thereafter, Bragg2 made a photograph by this method of the atoms in the crystal structure of the mineral diopside. Unfortunately, Bragg's "x-ray microscope" could only be applied to photographing that very limited class of crystal structures all of whose diffraction spectra had the same phase.
The writer immediately pointed out3' that there exists a very large class of much-used-two-dimensional Fourier summations in which the phases of all coefficients are identical, and that therefore these summations could be produced optically by diffraction from a weighted reciprocal lattice, the weighting being the Fourier coefficients. The new class of syntheses for which the optical method could be used includes the Patterson5' 6 synthesis, P(xy), and the Harker7 zero-level synthesis, P(xyO). Furthermore, such syntheses were actually carried out by this optical method. More recently, the writer has also used the optical method for producing the real part of the Fourier transforms of molecules.
In one of these papers, the writer4 also suggested that the method could be easily extended to the general Harker synthesis, P(xyn), and could be extended to the photography of all crystal structures by the use of a simple device for controlling the phases of the diffraction spectra. This requires a collection of small pieces of mica cut from a single homogeneous mica cleavage. To use this method, a mica piece is placed in the path of the rays of any spectrum which requires a phase shift. To produce a particular phase shift of angle r27r, it is only necessary to incline the mica piece so that the optical path through it is increased over that of the surrounding air by an amount rX, where X is the wave-length of the light used in the experiment.
The chief difficulty in practicing this method of phase control is to find mica which will furnish a cleavage flake of uniform thickness over a sufficiently large area so that the rather large number of pieces needed to control the phases of the many spectra (say, between 100 and 400) can be cut from it. Experimental work done in 1941 confirmed that this method of phase control was indeed feasible. Mica cleavages were tested for uniformity in thickness by examining them by reflection close to a broad source of monochromatic light. This has the effect of contouring the mica with interference lines which remain unbroken in regions where the thick-ness does not vary. By this means of examination, areas of uniform thickness are easily mapped out on any mica cleavage. The inclination required to produce any required phase shift was found for any given mica sheet by setting up a two-hole diffraction "grating" with the piece of mica to be tested over one of them. Without the mica, the two holes produce a set of interference fringes. With the mica, the maxima are shifted in accordance with the phase shift produced by the mica. The drift in maxima can thus be correlated with the angle which the mica makes with the ray, and in this way a particular mica sheet of any thickness can be calibrated for phase-shift versus inclination.
'~~~~~~~~~~~~~~~~~~~. . . . . . .. The war intervened in this experimentation, and its was discontinued until recently. In this new work, the writer was aided by a graduate student, Mr. Jay W. Lathrop, who selected and calibrated some large mica cleavages, and by Mr. John Solo, who executed the nice machining required for constructing the grating and the phase shifters.
The control of the phase of the diffraction was first applied to forming the -image of the crystal structure of marcasite, FeS2. The grating whose focused diffraction produced this image, and the method of controlling the phases are indicated in figure 1. The grating consists of holes drilled in a metal plate at points corresponding with the points of the reciprocal lattice of marcasite, and having translations a* and b*. The amount of light passing through each hole of index hk is regulated by making the area of hole equal to IFhokj, i.e., to the absolute magnitude of the amplitude of the x-ray diffraction spectrum/hkO of marcasite. The phase of the light emanating from each hole in the diffraction process is regulated, if necessary, by placing an inclined mica piece, held in a metal block at the correct inclination angle, in front of the hole. Since marcasite is a centrosymmetrical crystal, the only phases which the spectra can or two-wave-length, microscope. This is diagrammatically illustrated in figure 4 . The diagram represents a simple optical system consisting of two lenses having focal lengths D1 and D2, respectively. The paths of rays ordinarily regarded as forming the image are indicated by dotted lines. But image formation can also be regarded as two diffractions in sequence. The focusing of these diffractions is illustrated by full lines. If the object is periodic (which simplifies the treatment by avoiding the explicit use of Fourier transforms) with period t, then the rays which are diffracted in the same direction by the object (i.e., rays which reach the lens as a parallel set) are focused at its right focus of the first lens to form a diffraction image. This is a collection of discrete spectra whose spacings are also periodic. This spacing iS4
VOL. 36, 1950 where D1 and X1 are experimental constants. The reciprocity between d* and t causes the discrete spectra in the diffraction image to be arranged on the points of the reciprocal lattice of the crystal which is used as an object. 4 But the spectra of the diffraction image are also sources of rays. Those which reach the second lens as a parallel set are focused by it at its right focus. The first period of the final periodic image is formed by the firstorder diffraction from the diffraction image. The length of this first period4 in the final image is
Now, the magnification of the system is _ image size (3) ob .ect size t Substituting for t and T from (1) and (2), this magnification is D2X2 m D1Xi
In an ordinary optical system, the same light is used throughout. In this case (4) reduces to the familiar M = D2/D1, i.e., the image:object distance ratio. But if the wave-length is changed between diffraction stages, the further factor of X2/X1 enters into the magnification. Using some reasonable values (in centimeters) of (4), a magnification of
5 7 X10-9 can be achieved. In fact, these are the approximate actual values used for the instruments which produced the photographs of figures 2 and 3. This great magnification is not empty, since the resolving power depends on the wave-length of the first stage and the number of spectra collected in the first diffraction image.
While x-rays cannot be focused with lenses, the x-ray diffraction produced by a crystal can be arranged in the form of a reciprocal lattice by the precession camera,9 just as if the diffraction image were actually produced by the first lens of figure 4. The constants in the denominators of (5) represent a 5-cm. crystal-to-film distance in the precession camera, and the wave-length of MoKa x-radiation. The constants in the numerator of (5) are the focal length of the lens actually used in figure 4 , and the wavelength of green light. This tremendous magnification is sufficient to enlarge the image of an atom so that it would be of the order of 0.03 mm. in diameter, which is big enough so that it can be seen conveniently by a microscope. Figures 2 and 3 were taken with a microscope of moderate magnification.
This description of microscopy can be epitomized by saying that the image is formed from the object by diffraction from the diffraction image of the object. In other words, it is two-stage diffraction. When it is caused to occur in two separate steps, with or without two different wavelengths, the phases of the diffraction spectra in the first diffraction image are lost. It is this loss of phase which the phase shifters are required to supply. If 
